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57 ABSTRACT 

A high density unit shelf (22) is provided for use with a 
digital Switch Such as a digital cross-connect System (10). 
The high density unit shelf (22) provides redundant inter 
facing capability and may be configured in a redundant 
configuration, a non-redundant configuration, or combina 
tions thereof. The high density unit shelf (22) generally 
includes a plurality of network interface port pairs, Such as 
a network interface port (52) and (56), a plurality of network 
connectors, Such as a receive network connector (50) and a 
transmit network connector (54), a plurality of first matrix 
connectors, Such as a matrix connector (70), and a plurality 
of Second matrix connectors Such as a matrix connector (72). 
The network interface port pair receives a first network 
interface card at the network interface port (52) and a second 
network interface card at the network interface port (56). 

38 Claims, 2 Drawing Sheets 
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HIGH DENSITY UNIT SHIELF AND METHOD 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to the field of telecom 
munications and more particularly to a high density unit 
Shelf and method for manufacturing. 

BACKGROUND OF THE INVENTION 

The demand for high capacity and reliable telecommuni 
cations networks continues to grow as network and Service 
providers upgrade their networks to provide more and 
increasingly advanced telecommunications Services. In 
particular, the demand for high capacity and reliable digital 
cross-connect Systems continues to grow. A digital croSS 
connect System is a Specialized type of high-speed digital 
data and Voice channel Switch that is partitioned using 
Specific instructions or commands that are separate from the 
normal signaling network and independent of any informa 
tion that may flow through the cross-connect System. Reli 
ability and availability are of paramount importance in these 
Systems. 

Unfortunately, digital croSS-connect Systems are often 
inflexible and have a limited line capacity that is difficult to 
increase or expand. This presents problems as a telecom 
munications network expands and the line capacity of the 
existing digital croSS-connect System is met or exceeded. 
Generally, a telecommunications network designer or plan 
ner has no choice but to either replace the existing digital 
cross-connect System with an entirely new System, having a 
greater capacity, or to buy an additional digital croSS-connect 
System to work in tandem with the existing digital croSS 
connect system. Both of these options are expensive, time 
consuming to install and administer, and often cause an 
interruption in Service. Furthermore, there are often physical 
Space limitations that prevent the location of additional 
telecommunications hardware Such as a digital croSS 
connect System. As a result, the incremental cost to upgrade 
a telecommunications System far exceeds any immediate or 
near-term incremental revenues that will be realized to offset 
the upgrade cost. 

Inflexible digital croSS-connect Systems present problems 
when maintenance is needed on the network interface card 
of a particular circuit or connection. The maintenance of the 
network interface card often makes the particular circuit or 
connection unavailable which reduces the overall availabil 
ity of the circuit or connection. 

SUMMARY OF THE INVENTION 

From the foregoing it may be appreciated that a need has 
arisen for a high density unit shelf and method for manu 
facturing that allows a user to Significantly increase the 
capacity of an existing digital Switch, Such as a digital 
cross-connect System, without having to install an entirely 
new croSS-connect System while improving overall System 
reliability and availability. In this manner, incremental 
upgrade costs can be minimized and will more closely track 
incremental increases in revenue as new Services and users 
are added to the telecommunications network. In accordance 
with the present invention, there is provided a high density 
unit shelf and method for manufacturing that Substantially 
eliminate and reduce the disadvantages and problems asso 
ciated with expanding the capacity of a digital Switch Such 
as a digital cross-connect System. 

According to an aspect of the present invention, a high 
density unit shelf is provided for use with a digital croSS 
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2 
connect System of a telecommunications network and hav 
ing redundant interfacing capability. The high density unit 
Shelf includes a network interface port pair, a network 
connector, a first matrix connector, and a Second matrix 
connector. The network interface port pair includes a first 
network interface port and a Second network interface port, 
each for receiving a corresponding network interface card. 
The network connector receives an inbound telecommuni 
cations signal in a first format from a network and couples 
the inbound telecommunications Signal to the first network 
interface port and the Second network interface port. The 
network connector also receives an outbound telecommu 
nications signal in the first format from the first network 
interface port and the Second network interface port and 
provides the outbound telecommunications Signal to the 
network. 
The first matrix connector receives an inbound telecom 

munications signal in a Second format from the first network 
interface port and an inbound telecommunications signal in 
the Second format from the Second network interface port 
and provides one of the inbound telecommunications signal 
to a first matrix of the digital cross-connect System. The first 
matrix connector also receives an outbound telecommuni 
cations Signal in the Second format from the first matrix and 
provides the outbound telecommunications Signal from the 
first matrix to the first network interface port and the Second 
network interface port. 
The Second matrix connector receives the inbound tele 

communications signal in the Second format from the first 
network interface port and the inbound telecommunications 
Signal in the Second format from the Second network inter 
face port and provides one of the inbound telecommunica 
tions signal to a second matrix of the digital cross-connect 
System. The Second matrix connector also receives an out 
bound telecommunications Signal in the Second format from 
the Second matrix and provides the outbound telecommu 
nications signal from the Second matrix to the first network 
interface port and the Second network interface port. 
The present invention provides robust solution with a 

multitude of technical advantages. One technical advantage 
of the present invention includes the capability to easily and 
inexpensively upgrade the capacity of an existing digital 
Switch, Such as a digital cross-connect System, while 
increasing overall System reliability and availability. The 
reliability and availability are increased by providing physi 
cally redundant paths for inbound telecommunications Sig 
nals and outbound telecommunications signals while pro 
Viding a path for information to be exchanged between the 
two network interface ports of each network interface port 
pair. Another technical advantage of the present invention 
includes the flexibility to configure the high density unit 
Shelf in Such a manner as to minimize incremental costs as 
the capacity of the associated digital cross-connect System 
expands. Yet another technical advantage includes the capa 
bility to interface network signals provided at a variety of 
different Signal formats and rates to the digital croSS-connect 
System using the high density unit shelf of the present 
invention. Still yet another technical advantage of the 
present invention includes the capability to operate in either 
a redundant mode or a non-redundant mode. Yet another 
technical advantage includes the capability to upgrade the 
capacity of a digital Switch, Such as a digital croSS-connect 
System, with a high density unit shelf that consumes minimal 
floor Space. Another technical advantage of the present 
invention includes the capability to keep a circuit or con 
nection in Service while performing maintenance on the 
network interface card of the circuit or connection while Still 
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maintaining the circuit or connection in Service, thus Sig 
nificantly increasing overall availability and reliability. 
Other technical advantages are readily apparent to one 
skilled in the art from the following figures, description, and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion and the advantages thereof, reference is now made to 
the following brief description, taken in connection with the 
accompanying drawings and detailed description, wherein 
like reference numerals represent like parts, in which: 

FIG. 1 is an Overview diagram illustrating an exemplary 
digital cross-connect System of a telecommunications net 
work; 

FIG. 2 is an overview block diagram illustrating a high 
density unit Shelf having network interface cards provided in 
a redundant configuration; 

FIG. 3 is an overview block diagram illustrating the high 
density unit Shelf having network interface cards provided in 
a non-redundant configuration; and 

FIG. 4 is a block diagram illustrating the high density unit 
shelf without network interface cards. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is an Overview diagram illustrating an exemplary 
digital croSS-connect System 10 of a telecommunications 
network. Digital croSS-connect System 10 may receive, 
Switch, and communicate digital telecommunications Sig 
nals in any of a variety of a different formats Such as the 
digital signal, level one (DS1) format; the digital signal, 
level three (DS3) format; the E-1 format; and the synchro 
nous transport signal level one (STS-1) format. Internally, 
digital cross-connect System 10 performs digital Switching at 
the digital signal, level Zero (DSO) rate or format. Digital 
cross-connect System 10 includes various Subsystems and 
unit shelves Such as an administrative Subsystem 12, a 
timing subsystem 14, a matrix subsystem 16, a unit shelf 18, 
a unit shelf 20, and a high density unit shelf 22. Unit shelf 
18, unit shelf 20 and high density unit shelf 22 couple 
through their respective port cards or network interface 
cards to individual telecommunications networks or Subnet 
WorkS So that inbound telecommunications signals may be 
received by digital croSS-connect System 10 from these 
networks and So that outbound telecommunications signals 
may be communicated by digital cross-connect System 10 to 
these networkS. 

Generally, the administrative Subsystem 12 includes 
redundant administrative Subsystems A and B that are used 
to control the overall operation and configuration of digital 
cross-connect System 10. Each administrative Subsystem 
will generally include a microprocessor and will function as 
a computer to control the operation of digital cross-connect 
system 10. For example, administrative subsystem 12 
eXchanges redundant control Signals with unit shelf 18, unit 
shelf 20, and high density unit shelf 22 so that the various 
port cards, unit controllers, and network interface cards can 
be properly configured by administrative subsystem 12. The 
redundant configuration of administrative Subsystem 12 
results in increased overall System reliability and availabil 
ity. 

Administrative Subsystem 12 performs operation, 
administration, maintenance, and provisioning (OAM&P) 
functions for digital cross-connect System 10. In this 
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4 
manner, an operator of digital cross-connect System 10 may 
configure the System using a terminal provided from admin 
istrative Subsystem 12. For example, a craftsperSon or 
operator may access a terminal of administrative Subsystem 
12 and provide provisioning information So that certain ports 
are connected to other ports to provided dedicated or pro 
Visioned communications paths. In this manner, administra 
tive Subsystem 12 Sends control and provisioning informa 
tion to the various unit shelves as needed to properly 
configure the various port cards, unit controllers, and net 
work interface cards to provision desired inter-connections. 

Administrative Subsystem 12 also exchanges control 
information with matrix subsystem 16 to assist with the 
actual Switching operations. Matrix Subsystem 16 includes a 
redundant Switching fabric that includes a Switching fabric 
24 and a Switching fabric 26. Switching fabric 24 may be 
referred to as a first matrix and Switching fabric 26 may be 
referred to as a Second matrix. This redundant Switching 
fabric enhances the overall reliability and availability of 
digital cross-connect system 10. Matrix subsystem 16 pro 
vides point-to-point connectivity and point-to-multipoint 
connectivity while performing Switching at the DS0 rate or 
format. Timing Subsystem 14 provides redundant timing 
Signals to the various components of digital croSS-connect 
system 10, including administrative subsystem 12. The 
redundant timing Signals enhance overall System reliability 
and availability. 

Unit shelf 18, in the one embodiment illustrated in FIG. 
1, allows up to twenty-eight DS1 port cards to be included 
So that twenty-eight DS1 signals may be exchanged with 
asSociated networks and Subnetworks and digital croSS 
connect system 10. Each port card of unit shelf 18 can 
convert the telecommunications signals between the DS1 
format and a corresponding format, Such as a proprietary 
format, compatible with digital cross-connect System 10. In 
one embodiment, the proprietary format provides informa 
tion at the DSO rate so that the information or telecommu 
nications signal can be Switched using matrix Subsystem 16 
and communicated to a port card or network interface card 
of one of the unit shelves of digital cross-connect system 10 
as an outbound telecommunications signal. The proprietary 
format may be any available format Such as the proprietary 
format used in DSC digital cross-connect Systems. The 
proprietary format used in these Systems provides the infor 
mation at a DS0 rate so that matrix subsystem 16 may 
appropriately Switch the Signal. 

Unit Shelf 18, through its various port cards, may receive 
an inbound telecommunications Signal in the DS1 format 
from an associated network, convert the inbound telecom 
munications signal to a proprietary format, as mentioned 
above, and communicate the inbound telecommunications 
signal to matrix subsystem 16 for Switching. Unit shelf 18 
may also receive an outbound telecommunications signal in 
the proprietary format from matrix Subsystem 16, convert 
the outbound telecommunications Signal to the DS1 format, 
and communicate the outbound telecommunications signal 
to an associated network or Subnetwork coupled to unit shelf 
18. This operation is controlled by redundant unit 
controllers, as shown in FIG. 1. 

Unit shelf 20 functions similarly to unit shelf 18 except 
that unit shelf 20, in the embodiment shown in FIG. 1, 
provides interfaces at either the DS3 format or the STS-1 
format so that higher rate and differently formatted telecom 
munications signals may be exchanged with digital croSS 
connect system 10. Unit shelf 20 includes redundant unit 
controllers and a plurality of port cards as illustrated. The 
port cards may be provided as either DS3 or STS-1 port 
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cards. In this manner, either a DS3 or an STS-1 formatted 
inbound telecommunications signal may be received at a 
corresponding port card of unit shelf 20 and converted to the 
proprietary format so that the information of the inbound 
telecommunications signal may be provided at the DS0 rate 
to matrix Subsystem 16 for Switching. Similarly, an out 
bound telecommunications Signal may be received at unit 
shelf 20 from matrix subsystem 16 in the proprietary format 
and converted to either the DS3 or the STS-1 format so that 
the outbound telecommunications signal may be provided to 
the attached network. The operation of unit shelf 20 is 
controlled by the redundant unit controllers. 

High density unit shelf 22 provides the capability to use 
a variety of different network interface cards to redundantly 
eXchange telecommunications signals with digital croSS 
connect system 10 in a variety of different formats such as 
the DS1, E1, DS3, and STS-1 formats. For example, an El 
network interface card may receive an inbound telecommu 
nications signal from an attached network in the E1 format, 
convert the inbound telecommunications signal to the pro 
prietary format used by matrix Subsystem 16, and commu 
nicate the inbound telecommunications Signal to matrix 
Subsystem 16. Conversely, the E1 network interface card 
may receive an outbound telecommunications Signal from 
matrix Subsystem 16 in the proprietary format, convert the 
outbound telecommunications Signal to the E1 format, and 
communicate the outbound telecommunications Signal to 
the attached network. Note that high density unit shelf 22 
does not use or need Separate unit controller cards or 
circuitry such as those used in unit shelf 18 and unit shelf 20. 

The architecture of high density unit shelf 22 is such that 
a large number of high rate telecommunications signals may 
be exchanged with digital cross-connect System 10 as com 
pared with unit shelf 18 and unit shelf 20, hence the label 
“high density.” Furthermore, high density unit shelf 22 
occupies the same or less physical Space than either unit 
shelf 18 or unit shelf 20 while providing the capability to 
eXchange much larger amounts of information with digital 
cross-connect System 10. 

High density unit shelf 22, illustrated more fully in FIGS. 
2 through 4 and described more fully below, includes a 
plurality of network interface port pairs that includes a first 
network interface port and a Second network interface port 
located adjacent to one another. Each network interface port 
pair couples through a network connector to exchange 
telecommunications signals with an associated network and 
a matrix connector to exchange telecommunications signals 
with Switching fabric 24 and Switching fabric 26 of matrix 
Subsystem 16. The matrix connector may be implemented as 
a first and a Second matrix connector. 

The first network interface port of each network interface 
port pair may receive a first network interface card, and the 
Second network interface port of each network interface port 
pair may receive a Second network interface card. The first 
network interface card and the Second network interface 
card of a particular network interface port pair will be 
identical or redundant network interface cards that generally 
may be interchanged with each other and are used to 
redundantly process both inbound and outbound telecom 
munications Signals. For example, a network interface card 
28 is provided and is illustrated with the designation “1X” 
because of its position in a first network interface port. 
Similarly, a network interface card 30 is shown and is 
illustrated with the designation “1Y” because of its position 
in a Second network interface port. In this manner, high 
density unit shelf 22 may be populated with a plurality of 
network interface card pairs that are provided in a first 
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6 
network interface port, Such as network interface card 28, 
and a Second network interface port, Such as network 
interface card 30, that increases overall system reliability 
and availability. Any number of network interface card port 
pairs may be provided in high density unit shelf 22 Such as 
the twelve network interface card pairs illustrated in FIG. 1. 

It should be noted that each of the network interface cards 
of high density unit shelf 22 will include processing circuitry 
and control circuitry Such that high density unit shelf 22 does 
not need an associated unit controller card to control the flow 
and conversion of inbound and outbound telecommunica 
tions signals through the various network interface cards of 
high density unit shelf 22. In this manner, the reliability and 
availability of high density unit Shelf 22 is increased as 
processing capability is distributed more evenly without the 
need to rely on a single or redundant unit controller. 

High density unit Shelf 22 may be configured in either a 
redundant configuration, a non-redundant configuration, or a 
combination thereof. The redundant configuration increases 
overall reliability and availability by providing two identical 
or redundant network interface cards to process the same 
inbound and outbound telecommunications signals in par 
allel. Compared to the non-redundant configuration, the 
redundant configuration increases overall costs because of 
the need for two network interface cards, yet, in Some 
applications, the increased reliability and availability are So 
critical that the only available option is the redundant 
configuration. The redundant configuration is illustrated 
more fully in FIG. 2. 

However, certain telecommunications customers may not 
demand or require the increased reliability and availability 
offered by the redundant configuration and may prefer the 
leSS expensive non-redundant configuration. The non 
redundant configuration provides a Single network interface 
card per network interface port pair and hence is leSS 
expensive than operating in the redundant configuration. In 
this manner, only a Single network interface card is needed 
and one port of the network interface port pair is left "open’ 
without a network interface card. In this manner, the open 
port allows a Spare network interface card to be utilized 
when work or maintenance is needed on the Single network 
interface card with little or no interruption in service. The 
Single network interface card may be provided in either the 
first network interface port or the Second network interface 
port of the network interface port pair. The non-redundant 
configuration is discussed more fully below in connection 
with FIG. 3. 

Finally, high density unit shelf 22 may operate in both the 
redundant and non-redundant configuration. For example, 
Some network interface port pairs may include two network 
interface cards and hence operate in the redundant configu 
ration while other network interface port pairs may include 
only a single network interface card and hence operate in the 
non-redundant configuration. In this manner, high density 
unit Shelf 22 provides great flexibility in meeting various 
customer's needs by providing the level of Service and 
reliability desired by the customer. Thus, high density unit 
shelf 22 provides a flexible configuration that allows a 
telecommunications provider to provide different levels of 
Service to different types of customers. This allows incre 
mental costs to more closely match incremental revenues. 

FIG. 2 is an overview block diagram illustrating high 
density unit shelf 22 with network interface card 28 and 
network interface card 30 provided in a network interface 
port pair for redundantly processing an inbound telecom 
munications signal and an outbound telecommunications 
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signal. The first network interface port is designated at “1X” 
and the Second network interface port is designated as "1Y.” 
High density unit shelf 22 is provided between digital 
cross-connect System 10 and various telecommunications 
networks or Subnetworks that are coupled to redundant 
network interface cards Such as network interface card 28 
and network interface card 30. These various telecommu 
nications networks are not shown in FIG. 2. 

High density unit shelf 22 may include any number of 
additional network interface port pairs for receiving network 
interface cards and for providing redundant network inter 
facing. However, for purposes of illustration and discussion, 
the network interface port pair providing the redundant 
configuration of network interface card 28 and network 
interface card 30 is illustrated and discussed as an exemplary 
network interface port pair configured in a redundant con 
figuration. 
AS discussed above, high density unit shelf 22 receives 

redundant control Signals from administrative Subsystem 12 
which can be denoted as “ADMIN SIGNALS as shown in 
FIG. 2. These ADMIN SIGNALS are provided throughout 
high density unit shelf 22 including each network interface 
port of each of the plurality of network interface port pairs. 
Similarly, redundant timing Signals are provided to high 
density unit shelf 22 from timing subsystem 14. The timing 
Signals are also provided to each of the various network 
interface ports of each of the plurality of network interface 
port pairs. For clarity, the network connectors and matrix 
connectors of high density unit shelf 22 are not illustrated in 
FIG. 2 but will normally be provided in an actual imple 
mentation of high density unit shelf 22. These connectors are 
illustrated in FIG. 4 and discussed more fully below. 

In operation, the redundant network interface configura 
tion shown in FIG. 2 receives a first inbound telecommu 
nications signal from an attached network at both network 
interface card 28 and network interface card 30. Each of 
these network interface cards processes the inbound tele 
communications signal and converts it from a first format to 
a Second format, Such as a proprietary format, understand 
able by digital cross-connect System 10 and used by matrix 
Subsystem 16 for Switching. The first format may be any of 
a variety of available digital communications signal formats 
Such as the DS1, E1, DS3, and STS-1 formats. After 
processing and converting the first inbound telecommuni 
cations Signal, network interface card 28 provides its output 
Signal to Switching fabric 24. Similarly, network interface 
card 30 provides its output to Switching fabric 26. The 
dashed lines provided at the output of both network interface 
card 28 and network interface card 30 indicate that high 
density unit shelf 22 provides paths from each network 
interface port to both Switching fabric 24 and Switching 
fabric 26. This provides additional redundancy and allows 
either network interface card 28 or network interface card 30 
to drive both Switching fabric 24 and Switching fabric 26 in 
the event that one of the cards is unavailable or out of 
Service. 
When processing an outbound telecommunications 

Signal, both network interface card 28 and network interface 
card 30 receive an outbound telecommunications signal 
from both Switching fabric 24 and Switching fabric 26. Each 
of these outbound telecommunications signals may also 
include other information Such as parity information and 
other information that indicates the quality of the provided 
outbound telecommunications signal. The quality indication 
information may then be used by each of the network 
interface cards to decide which outbound telecommunica 
tions signal should be processed, converted, and communi 
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8 
cated as a first outbound telecommunications signal as 
illustrated in FIG. 2. Both network interface card 28 and 
network interface card 30 decide which of the input out 
bound telecommunications signals to process. Once chosen, 
each network interface card converts the chosen outbound 
telecommunications Signal from the Second format to the 
first format and generates a first outbound telecommunica 
tions signal. At this point, either network interface card 28 
or network interface card 30 will be designated as the 
primary or active card that will provide its output as the first 
outbound telecommunications signal that is then provided to 
the coupled or attached network. This decision may be made 
either locally at network interface card 28 and network 
interface card 30 or by the administrative subsystem 12 
through the redundant control Signals provided to each 
network interface control port pair. 
As illustrated in FIG. 2, each network interface port of the 

illustrated network interface port pair are coupled to one 
another so that network interface card 28 and network 
interface card 30 may exchange information as needed. For 
example, network interface card 28 may provide control or 
administrative Signals to network interface card 30 through 
this direct connection. This would be especially beneficial if 
for Some reason network interface card 30 was unable to 
directly receive the control Signals from administrative 
Subsystem 12. In this manner, the overall reliability and 
availability of high density unit shelf 22 is further enhanced. 
A network interface card 34, provided in a Second net 

work interface port 12Y of the last network interface port 
pair, is also illustrated in FIG. 3 and couples between a 
network and digital croSS-connect System 10. The operation 
of network interface card 34 is the same or similar to that just 
described above for network interface card 28. The com 
panion first network interface port (not shown in FIG. 2) to 
network interface port 12Y may or may not be provided with 
a network interface card. This illustrates the fact the high 
density unit shelf 22 may be configured in both the redun 
dant and non-redundant configuration. 

FIG. 3 is an overview block diagram illustrating high 
density unit shelf 22 having network interface cards pro 
Vided in a non-redundant configuration. The non-redundant 
configuration may be illustrated by examining a network 
interface port pair that includes only a Single network 
interface card. For example, network interface card 28 is 
provided in the first network interface port 1X while the 
Second network interface port 1Y, designated with the ref 
erence numeral 80, is unused. In this manner, redundant 
network interface processing does not occur and network 
interface card 28 provides all the processing for first inbound 
telecommunications signals and first outbound telecommu 
nications signals. 

In operation, network interface card 28 receives a first 
inbound telecommunications signal and converts the first 
inbound telecommunications signal from the first format to 
the Second or proprietary format understandable by digital 
cross-connect system 10. The first inbound telecommunica 
tions signal is labeled as first inbound Signal and is provided 
to both Switching fabric 24 and Switching fabric 26 so that 
both Switching fabrics of matrix subsystem 16 are driven by 
network interface card 28. 

In the outbound direction, network interface card 28 
receives a first outbound telecommunications signal from 
Switching fabric 24 and a first outbound telecommunications 
Signal from Switching fabric 26. Just as in the redundant 
configuration, network interface card 28 determines which 
of these signals provides the necessary integrity or quality to 
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be processed and communicated to the attached network. 
Once chosen, network interface card 28 processes the first 
outbound telecommunications signal and converts it from 
the Second or proprietary format to the first format compat 
ible with the coupled network. The first outbound telecom 
munications signal is then communicated to the attached 
network. 

Unused network interface port 80 provides additional 
reliability to high density unit shelf 22 even when configured 
in the non-redundant configuration. For example, unused 
network interface port 80 provides a path that allows infor 
mation such as the ADMIN or TIMING signal information 
be provided from unused second network interface port 80 
to the network interface port used by network interface card 
28. This enhances overall reliability and availability by 
providing a redundant or Second path for this information to 
be provided to network interface card 28. Furthermore, the 
non-redundant configuration reduces incremental costs as 
only one network interface card need be purchased. 

Network interface card 34, provided in a second network 
interface port 12Y of the last network interface port pair, is 
also illustrated in FIG.3 and couples between a network and 
digital cross-connect System 10. The operation of network 
interface card 34 is the same or similar to that just described 
above for network interface card 28. The companion first 
network interface port (not shown in FIG. 3) to network 
interface port 12Y may or may not be provided with a 
network interface card. This, once again, illustrates the fact 
the high density unit shelf 22 may be configured in both the 
redundant and non-redundant configuration. 

High density unit shelf 22 provides an additional advan 
tage when operating in the non-redundant configuration. In 
addition to providing a less expensive alternative as com 
pared to the redundant configuration, high density unit shelf 
22 provides an unused network interface port for each 
non-redundant configuration pair. This allows a single Spare 
network interface card to be provided, as needed, for use in 
any of the unused network interface ports in the event that 
maintenance is needed on the primary network interface 
card. For example, high density unit shelf 22 may provide 
twelve network interface port pairs which allows for twelve 
non-redundantly configured telecommunications Services to 
be provided. In Such a case, a Single Spare network interface 
card could be provided which could be used in any of the 
twelve unused network interface ports So that maintenance 
could be performed on any one of the existing or primary 
network interface cards, Such as network interface card 28. 
In this manner, interruption of Service is greatly minimized 
and reduced while allowing for maintenance to be per 
formed. 

FIG. 4 is a block diagram illustrating high density unit 
shelf 22 in more detail without the presence of any network 
interface cards in the network interface ports. High density 
unit shelf 22 includes a plurality of network interface port 
pairs. Each network interface port is operable to receive a 
network interface card and couple between an associated 
network and a digital Switch Such as digital croSS-connect 
system 10. Two Such network interface port pairs are illus 
trated in FIG. 4. A first network interface port 52 and a 
Second network interface port 56 comprise a first network 
interface port pair, while a first network interface port 60 and 
a Second network interface port 64 comprise a Second 
network interface port pair. AS was illustrated above, each of 
these network interface port pairs may contain either one or 
two network interface cards and operate in either a non 
redundant configuration or a redundant configuration, 
respectively. Also, each network interface port may com 
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10 
municate with the other network interface port of the net 
work interface port pair as illustrated by the double arrow 
between first network interface port 52 and second network 
interface port 56 and between first network interface port 60 
and Second network interface port 64. 

In the embodiment of high density unit shelf 22 illustrated 
in FIG. 4, a network connector pair and a matrix connector 
pair are coupled to each network interface port pair. The first 
network interface port pair couples with a receive network 
connector 50 for receiving a first inbound telecommunica 
tions Signal from a first network, and a transmit network 
connector 54 for communicating a first outbound telecom 
munications Signal to the first network. 
The Second network interface port pair couples with a 

receive network connector 58 for receiving a Second 
inbound telecommunications signal from a Second network, 
and a transmit network connector 62 for communicating a 
Second outbound telecommunications Signal to the Second 
network. 
The receive network connectors and the transmit network 

connectors may be implemented using any of a variety of 
connectorS Such as, for example, a sixty-four pin connector, 
a CHAMP connector, and a bayonet-locking connector 
(BNC). The receive network connectors and transmit net 
work connectors may also be implemented using dual or 
multiple connectors per connection Such that, for example, 
receive network connector 50 may include both a CHAMP 
connector and a BNC connector. This increases the overall 
versatility of high density unit shelf 22 by providing the 
capability to handle either a low-speed or a high-speed 
telecommunications signal at a network interface port pair. 
In Still other embodiments, the receive network connector 
and the transmit network connector for a network interface 
port pair may be implemented together as one network 
COnnectOr. 

The first network interface port pair also couples with a 
matrix connector 70 for exchanging both an inbound and an 
outbound first telecommunications signal between the first 
network interface port pair and Switching fabric 24. The first 
network interface port pair further couples with a matrix 
connector 72 for exchanging both an inbound and an out 
bound first telecommunications signal between the first 
interface port pair and Switching fabric 26. Similarly, the 
Second network interface port pair couples with a matrix 
connector 74 for exchanging both an inbound and an out 
bound Second telecommunications signal between the Sec 
ond network interface port pair and Switching fabric 24. 
Also, the Second network interface port pair couples with a 
matrix connector 76 for exchanging both an inbound and an 
outbound Second telecommunications Signal between the 
Second interface port pair and Switching fabric 26. In one 
embodiment, matrix connector 70, 72, 74, and 76 may 
couple to the associated network interface ports described 
above using a parallel buS Such as a Sixteen-bit parallel bus. 
Generally, the various matrix connectors of high density unit 
Shelf 22 eXchange telecommunications signals with the 
Switch fabrics of matrix subsystem 16 in a second format 
Such as a proprietary format. 
AS mentioned above, it should be understood that each 

network interface port of each network interface port pair 
includes conductive paths or communication paths that 
allow information to be exchanged between each network 
interface port of each network interface port pair. For 
example, the redundant timing Signals of high density unit 
Shelf 22 are provided to each network interface port of each 
network interface port pair. AS was mentioned above, timing 
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Subsystem 14 provides the redundant timing Signals and will 
generally include redundant timing modules Such that two 
timing Signals will be provided to each network interface 
port. These timing Signals may be provided through two 
Separate timing buses that are provided to each network 
interface port. A first timing Signal may be provided through 
a first timing bus while a Second timing Signal may be 
provided through a Second timing bus. This is represented by 
the numeral 2 as is illustrated in FIG. 4. In this manner, high 
density unit shelf 22 provides enhanced reliability. 

The ADMIN SIGNALS or redundant control signals are 
also provided to each of the network interface ports of high 
density unit shelf 22. Just as with the timing Signals, the 
ADMIN SIGNALS may be provided using two separate 
buses to provide further redundancies within high density 
unit Shelf 22. For example, the redundant control Signals 
may be provided through two separate Serial control links 
that couple to each network interface port. The redundant 
control Signals may be provided Such that a first Serial 
control link buS may provide a first control Signal while a 
Second Serial control link buS may provide a Second control 
Signal. In this manner, additional redundancies are provided 
Such that if any network interface port fails to receive either 
the first control Signal or the Second control signal directly, 
a communication path is available from the other network 
interface port of the network interface port pair to provide 
the redundant control Signals. This further increases the 
reliability and availability of high density unit shelf 22. In 
other embodiments, the redundant control Signals may be 
provided through two Separate parallel control links that 
couple from administrative Subsystem 12 to each network 
interface port. 
The operation of high density unit shelf 22 may best be 

described by focusing on the first network interface port pair 
that includes first network interface port 52, second network 
interface port 56, receive network connector 50, transmit 
network connector 54, matrix connector 70, and matrix 
connector 72. A first inbound telecommunications signal is 
received from a network at receive network connector 50 
and provided to both first network interface port 52 and 
second network interface port 56. The first inbound tele 
communications signal will be received from the network in 
a first format Such as the DS1, E1, DS3, and STS-1 formats. 
The first inbound telecommunications signal will then be 
converted to a second format by both a first network 
interface card provided in first network interface port 52 and 
a Second network interface card provided in Second network 
interface port 56. The second format may be any format 
understandable by an associated digital Switch Such as a 
proprietary format compatible with digital croSS-connect 
system 10. Thus, two of the first inbound telecommunica 
tions signals are available to be provided to matrix connector 
70 and matrix connector 72. 

The first inbound telecommunications signals will then be 
communicated from first network interface port 52 and 
second network interface port 56 to matrix connector 70 and 
matrix connector 72. Depending on how the network inter 
face cards are configured, the first inbound telecommunica 
tions signal from first network interface port 52 may be 
provided to matrix connector 70 or both matrix connector 70 
and matrix connector 72. Similarly, and also depending on 
how the network interface cards are configured, the first 
inbound telecommunications signal from Second network 
interface port 56 may be provided to matrix connector 72 or 
both matrix connector 72 and matrix connector 70. Matrix 
connector 70 then provides the signal it receives to a 
designated Switching fabric Such as Switching fabric 24. 
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Matrix connector 72 also provides the Signal it receives to a 
designated Switching fabric Such as Switching fabric 26. 

High density unit shelf 22 receives a first outbound 
telecommunications Signal at matrix connector 70 from a 
Switching fabric Such as Switching fabric 24, and a first 
outbound telecommunications signal at matrix connector 72 
from a Switching fabric Such as Switching fabric 26. Thus, in 
one embodiment, redundant and distinct outbound telecom 
munications Signals are received by high density unit shelf 
22. Both of these outbound signals are provided in the 
Second format discussed above. Depending on how the 
network interface cards are configured, matrix connector 70 
may provide the first outbound telecommunications signal 
received from Switching fabric 24 to only first network 
interface port 52 or both first network interface port 52 and 
second network interface port 56. Similarly, and also 
depending on how the network interface cards are 
configured, matrix connector 72 may provide the first out 
bound telecommunications signal received from Switching 
fabric 26 to only first network interface port 56 or both first 
network interface port 56 and Second network interface port 
52. 
At this point, each network interface card converts the 

outbound telecommunications signal it receives from the 
Second format to the first format. Both of theses Signals may 
then be communicated to transmit network connector 54 
where the signal will be provided to the network. Although 
both network interface port 52 and network interface port 56 
may provide a first outbound telecommunications signal to 
transmit network connector 54, only one will provide a 
Signal. This choice may be decided in real-time or using 
firmware or Software control. In other embodiments, receive 
network connector 50 and transmit network connector 54 
may be implemented as a single network connector. 

Thus, it is apparent that there has been provided, in 
accordance with the present invention, a high density unit 
Shelf and method for manufacturing that Satisfies the advan 
tages Set forth above. Although the present invention has 
been described in detail, it should be understood that various 
changes, Substitutions, and alterations can be made herein. 
For example, the present invention may be operated in 
redundant mode, non-redundant mode, or a combination of 
both redundant mode and non-redundant mode. 
Furthermore, the direct connections illustrated herein could 
be altered by one skilled in the art such that two devices are 
merely coupled to one another through an intermediate 
device or devices without being directly connected while 
Still achieving the desired results demonstrated by the 
present invention. For example, first network interface port 
52 may couple with receive network connector 50 and 
matrix connector 70 through an intermediate device or 
element without departing from the present invention. 
Furthermore, although the present invention has been illus 
trated and described as being used with a digital croSS 
connect System, Such as a DSC digital cross-connect System, 
it should be understood that the present invention is not 
limited to being used with any one particular digital croSS 
connect System and may in face be practiced with Virtually 
any digital Switch. Other examples of changes, Substitutions, 
and alterations are readily ascertainable by one skilled in the 
art and could be made without departing from the Spirit and 
Scope of the present invention as defined by the following 
claims. 
What is claimed is: 
1. A high density unit shelf for use with a digital croSS 

connect System of a telecommunications network and hav 
ing redundant interface capability, the high density unit shelf 
comprising: 
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a network interface port pair operable to receive a first 
network interface card at a first network interface port 
and a Second network interface card at a Second net 
work interface port; 

a network connector assembly operable to receive an 
inbound telecommunications signal in a first format 
from a network and to couple the inbound telecommu 
nications signal to the first network interface port and 
the Second network interface port, the network connec 
tor assembly operable to receive an outbound telecom 
munications signal in the first format from the first 
network interface port and the Second network interface 
port and to provide the outbound telecommunications 
Signal to the network; 

a first matrix connector operable to receive an inbound 
telecommunications signal in a Second format from the 
first network interface port and an inbound telecom 
munications signal in the Second format from the 
Second network interface port and to provide the 
inbound telecommunications signal to a first matrix of 
the digital cross-connect System; and 

a Second matrix connector operable to receive the inbound 
telecommunications signal in the Second format from 
the first network interface port and the inbound tele 
communications signal in the Second format from the 
Second network interface port and to provide the 
inbound telecommunications signal to a Second matrix 
of the digital cross-connect System. 

2. The high density unit shelf of claim 1, wherein the first 
matrix connector is further operable to receive an outbound 
telecommunications Signal in the Second format from the 
first matrix and to provide the outbound telecommunications 
Signal from the first matrix to the first network interface port 
and the Second network interface port, and wherein the 
Second matrix connector is further operable to receive an 
outbound telecommunications signal in the Second format 
from the second matrix and to provide the outbound tele 
communications signal from the Second matrix to the first 
network interface port and the Second network interface 
port. 

3. The high density unit shelf of claim 1, wherein the 
network connector assembly receives the outbound telecom 
munications signal in the first format from the first network 
interface port and provides this outbound telecommunica 
tions signal to the network. 

4. The high density unit shelf of claim 1, wherein the 
network connector assembly receives the outbound telecom 
munications signal in the first format from the Second 
network interface port and provides this outbound telecom 
munications Signal to the network. 

5. The high density unit shelf of claim 1, wherein the first 
matrix connector receives the inbound telecommunications 
Signal in the Second format from the first network interface 
port and provides this signal to the first matrix, and the 
Second matrix connector receives the inbound telecommu 
nications Signal in the Second format from the Second 
network interface port and provides this signal to the Second 
matrix. 

6. The high density unit shelf of claim 1, wherein both the 
first matrix connector and the Second matrix connector 
receive the inbound telecommunications signal in the Second 
format from the first network interface port, the first matrix 
connector provides this signal to the first matrix and the 
Second matrix connector provides this signal to the Second 
matrix. 

7. The high density unit shelf of claim 1, wherein both the 
first matrix connector and the Second matrix connector 
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14 
receive the inbound telecommunications signal in the Second 
format from the Second network interface port, the first 
matrix connector provides this signal to the first matrix and 
the Second matrix connector provides this Signal to the 
Second matrix. 

8. The high density unit shelf of claim 1, further com 
prising: 

a plurality of network interface port pairs each with a 
corresponding network connector assembly and matrix 
COnnectOrS. 

9. The high density unit shelf of claim 8, wherein the 
plurality of network interface port pairs include twelve 
network interface port pairs. 

10. The high density unit shelf of claim 8, wherein each 
one of the network interface ports of each one of the 
plurality of network interface port pairs are adjacent to the 
network interface port of the pair. 

11. The high density unit shelf of claim 1, wherein the 
network connector assembly includes: 

a receive network connector operable to receive the 
inbound telecommunications signal in the first format 
from the network and to couple the inbound telecom 
munications Signal to the first network interface port 
and the Second network interface port; and 

a transmit network connector operable to receive the 
outbound telecommunications signal in the first format 
from the first network interface port and the Second 
network interface port and to couple the outbound 
telecommunications signal to the network. 

12. The high density unit shelf of claim 11, wherein the 
receive network connector and the transmit network con 
nector are implemented using a Sixty-four pin connector. 

13. The high density unit shelf of claim 11, wherein the 
receive network connector and the transmit network con 
nector are implemented using a CHAMP connector. 

14. The high density unit shelf of claim 11, wherein the 
receive network connector and the transmit network con 
nector are implemented using a bayonet-locking connector. 

15. The high density unit shelf of claim 11, wherein the 
receive network connector and the transmit network con 
nector are implemented using both a bayonet-locking con 
nector and a sixty-four pin connector to provide the capa 
bility to handle either a low-Speed or a high-speed 
telecommunications signal. 

16. The high density unit shelf of claim 1, wherein the 
network connector assembly is a single connector. 

17. The high density unit shelf of claim 1, wherein the 
network interface port pair is operable to receive a redundant 
control Signal from an administrative Subsystem of the 
digital cross-connect System. 

18. The high density unit shelf of claim 17, wherein the 
redundant control Signal includes a first control Signal and a 
Second control Signal and the redundant control Signal is 
provided to both the first network interface port and the 
Second network interface port. 

19. The high density unit shelf of claim 18, wherein the 
first control Signal is provided to the first network interface 
port and the Second network interface port through a first 
Serial control link bus of the digital cross-connect System 
and the Second control Signal is provided to the first network 
interface port and the Second network interface port through 
a Second Serial control link bus of the digital croSS-connect 
System. 

20. The high density unit shelf of claim 19, wherein the 
first network interface port is further operable to receive the 
first control Signal and the Second control signal from the 
Second network interface port, and wherein the Second 
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network interface port is further operable to receive the first 
control Signal and the Second control Signal from the first 
network interface port. 

21. The high density unit shelf of claim 19, wherein the 
first Serial control link and the Second Serial control link are 
provided from the administrative subsystem of the digital 
cross-connect System using parallel buses. 

22. The high density unit shelf of claim 1, wherein the 
network interface port pair is operable to receive a redundant 
timing Signal from a timing Subsystem of the digital croSS 
connect System. 

23. The high density unit shelf of claim 22, wherein the 
redundant timing Signal includes a first timing Signal and a 
Second timing Signal both provided to the first network 
interface port and the Second network interface port. 

24. The high density unit shelf of claim 1, wherein the first 
matrix connector couples to the first network interface port 
and the Second network interface port through a parallel bus, 
and the Second matrix connector couples to the first network 
interface port and the Second network interface port through 
a parallel bus. 

25. The high density unit shelf of claim 24, wherein the 
first parallel bus and the Second parallel bus are Sixteen bit 
parallel buses. 

26. A high density unit shelf comprising: 
a plurality of network interface port pairs, each network 

interface port pair operable to receive a first network 
interface card at a first network interface port and a 
Second network interface card at a Second network 
interface port; 

a plurality of network connector assemblies, each network 
connector assembly operable to communicate an 
inbound telecommunications signal to the first network 
interface port and the Second network interface port, 
each network connector assembly operable to commu 
nicate an outbound telecommunications Signal from 
either the first network interface port or the second 
network interface port; 

a plurality of first matrix connectors, each first matrix 
connector operable to communicate an inbound tele 
communications signal from the first network interface 
port and the Second network interface port to a first 
matrix of a digital Switch; and 

a plurality of Second matrix connectors, each Second 
matrix connector operable to communicate an inbound 
telecommunications signal from the first network inter 
face port and the Second network interface port to a 
Second matrix of the digital Switch. 

27. The high density unit shelf of claim 26, wherein each 
one of the plurality of first matrix connectors are further 
operable to communicate an outbound telecommunications 
Signal from the first matrix to the first network interface port 
and the Second network interface port, and wherein each one 
of the plurality of Second matrix connectors are further 
operable to communicate an outbound telecommunications 
Signal from the Second matrix to the first network interface 
port and the Second network interface port. 

28. The high density unit shelf of claim 26, wherein each 
first matrix connector receives the inbound telecommunica 
tions Signal from the first network interface port and pro 
vides this signal to the first matrix, and each Second matrix 
connector receives the inbound telecommunications signal 
from the Second network interface port and provides this 
Signal to the Second matrix. 

29. The high density unit shelf of claim 26, wherein each 
first matrix connector and each Second matrix connector 
receive the inbound telecommunications signal from the first 

15 

25 

35 

40 

45 

50 

55 

60 

65 

16 
network interface port, the first matrix connector provides 
this Signal to the first matrix and the Second matrix connector 
provides this Signal to the Second matrix. 

30. The high density unit shelf of claim 26, wherein each 
first matrix connector and each Second matrix connector 
receive the inbound telecommunications signal from the 
Second network interface port, the first matrix connector 
provides this signal to the first matrix and the Second matrix 
connector provides this signal to the Second matrix. 

31. The high density unit shelf of claim 26, wherein each 
network connector assembly includes: 

a receive network connector operable to communicate the 
inbound telecommunications signal to the first network 
interface port and the Second network interface port; 
and 

a transmit network connector operable to communicate 
the outbound telecommunications signal from either 
the first network interface port or the Second network 
interface port. 

32. A method for manufacturing a high density unit Shelf 
that may be used with a digital cross-connect System and that 
provides redundant interface capability, the method com 
prising the Steps of 

providing a network interface port pair, the network 
interface port pair operable to receive a first network 
interface card at a first network interface port and a 
Second network interface card at a Second network 
interface port; 

coupling a receive network connector between a network 
and the first network interface port and the Second 
network interface port, the receive network connector 
operable to receive an inbound telecommunications 
Signal in a first format from the network and to com 
municate the inbound telecommunications Signal to the 
first network interface port and the Second network 
interface port; 

coupling a transmit network connector between the net 
work and the first network interface port and the Second 
network interface port, the transmit network connector 
operable to receive an outbound telecommunications 
Signal in a first format from the first network interface 
port or the Second network interface port and to com 
municate the outbound telecommunications signal to 
the network; 

coupling a first matrix connector between a first matrix of 
the digital cross-connect System and the first network 
interface port and the Second network interface port, the 
first matrix connector operable to receive an inbound 
telecommunications signal in a Second format from the 
first network interface port and an inbound telecom 
munications signal in the Second format from the 
Second network interface port and to provide the 
inbound telecommunications signal to the first matrix 
of the digital cross-connect System; and 

coupling a Second matrix connector between a Second 
matrix of the digital cross-connect System and the first 
network interface port and the Second network interface 
port, the Second matrix connector operable to receive 
an inbound telecommunications Signal in a Second 
format from the first network interface port and an 
inbound telecommunications signal in the Second for 
mat from the Second network interface port and to 
provide the inbound telecommunications signal to the 
Second matrix of the digital cross-connect System. 

33. The method of claim 32, wherein the first matrix 
connector is further operable to receive an outbound tele 
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communications signal in the Second format from the first 
matrix and to provide the outbound telecommunications 
Signal from the first matrix to the first network interface port 
and the Second network interface port, and wherein the 
Second matrix connector is further operable to receive an 
outbound telecommunications signal in the Second format 
from the second matrix and to provide the outbound tele 
communications signal from the Second matrix to the first 
network interface port and the Second network interface 
port. 

34. The method of claim 32, wherein the transmit network 
connector receives the outbound telecommunications signal 
in the first format from the first network interface port and 
provides this outbound telecommunications signal to the 
network. 

35. The method of claim 32, wherein the transmit network 
connector receives the outbound telecommunications signal 
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in the first format from the Second network interface port and 
provides this outbound telecommunications signal to the 
network. 

36. The method of claim 32, wherein the first matrix 
connector receives the inbound telecommunications signal 
in the Second format from the first network interface port and 
the Second matrix connector receives the inbound telecom 
munications signal in the Second format from the Second 
network interface port. 

37. The method of claim 32, wherein both the first matrix 
connector and the Second matrix connector receive the 
inbound telecommunications signal in the Second format 
from the first network interface port. 

38. The method of claim 32, wherein both the first matrix 
connector and the Second matrix connector receive the 
inbound telecommunications signal in the Second format 
from the Second network interface port. 
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